65 yo M w/type 1 diabetes
presents w/frequent hypoglycemia

Jess Hwang
4/4/13



HP|

Diagnosed with diabetes at the age of 14
— presented with symptoms of polydypsia

No neuropathy, retinopathy or nephropathy
On Orinase (SU) for 15 years, then insulin
Started on an insulin pump 2002

Exercises 3 times per week

Diet is fairly healthy

Nocturnal hypoglycemia 3 times per week



PMH Medications

Dyslipidemia Lovastatin
Diabetes Ergocalciferol 1000
Mildly elevated PSA Medtronic insulin pump
Basal (24h = 10.63U)
Social history Carb ratio 10-11
Engineer/consultant ISF 40
Lives with wife Target 95-110

No tobacco, EtOH

Family history: pending
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Physical exam

Vitals: 140/74 75 6’5" 188lb (85kg) BMI 23.5
HEENT: PERRLA, EOMI

Neck: no thyromegaly, no nodules

CV: RRR, no murmurs

Lung: CTA bilaterally

Abdomen: soft, nontender, non-obese

Skin: no acanthosis nigricans

Extremities: no edema, good pulses



Labs
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07!75 HbAlc 6.5%

Lipid: HDL 65, LDL 80, TG 96



Genetic testing

HNF1A: ¢.526C>CT, p.176Q>QX

 Premature stop codon in exon 2 of HNF1A
* Previously reported nonsense mutation

e Associated with Maturity-onset Diabetes of
the Young (MODY) Type 3
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Presentation Notes
c.526C>CT, p.176Q>QX




Prior to
transition

+6 months

+2 months

Therapy

Insulin pump

Glyburide 2.5 BID
Insulin pump

Glyburide 1.25 TID
Januvia 100 mg
Insulin pump

Avg BG (mg/dL) 135 + 46 135+ 54 141 + 58
Sensor BG (mg/dL) | 128 + 41 127 + 43 125 + 45
HbAlc (%) 6.1 6.1 6.0
Insulin TDD (V) 33.3%+5 14.3+4.2 11.3+£2.9
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Hypoglycemia was not captured all the time
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Graphs depict CGM through diff phases of tx. Top- wide fluctuations of his post-prandial glucose and 2 episodes of hypoglycemia on this particular day. 

After starting low dose glyburide, the amt of basal insulin is negligible and his post-prandial hyperglycemia improved. However, he was still freq hypoglycemia. 

After switching to lower dose glyburide TID and januvia his glucoses were basically normal and he was completely off of his basal.

Its possible that he could come off of his prandial insulin completely eventually but for various reasons which we won’t go into he still remains on this low dose


Clinical Questions

When to consider testing for MODY?
Pathophysiology of HNF1A-MODY?

Pharmacotherapy in HNF1A-MODY?
— Efficacy vs Metformin
— Hyperexcitablility to SUs

Incretin-based therapy as alternative or
adjunct to SU?



Criteria for considering testing

e Diabetes in 2+ generations (AD pattern)
e Diagnosis < 25 years of age

 Non-obese
* Non-insulin dependent (or on low doses)

* Type 1 like- with negative antibodies,
detectable c-peptide years after diagnosis

aylor R, Philipson LH. Clin Endo 2011;75:422-426.
ajans SS, Bell GIl. Diab Care 2011;34:1878-1883



HNF1A-MODY

Most common cause of MODY In the UK
Autosomal dominant inheritance
Highly penetrant

At risk for micro/macrovascular
complications
?Phenotype:

— Low renal threshold for glucose
— Decreased hsCRP
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Mutations in HNF1A are highly penetrant. Diabetes develops by age 25 years in 63% of mutation carriers and by age 50 years in 94% 

Since genetic testing can be expensive for some patients, developing a unique phenotype for various types of MODY is being studied and one characteristic about this type is that patients can have evidence of glycosuria in the setting of relatively normal glucose levels

HNF1a was found to have lower hsCRP than T1DM/T2DM/GCK MODY/HNF4A MODY


Pathophysiology of HNF1A-MODY

* Progressive beta cell dysfunction
 Reduced insulin secretion to glucose
o ?Beta cell apoptosis

e HNF1la -/- mice had decreased mRNA
levels of proteins involved in glucose uptake
and glycolysis (GLUTZ2, L-pyruvate kinase)
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Presentation Notes
Pathophysiology of HNF1A MODY is attributed to beta cell dysfunction that progresses over time, reduced glucose stimulated insulin secretion and possibly beta cell apoptosis as well

HNF1a knockout mice have demonstrated decreased levels of proteins involved in glucose uptake, glycolysis, mitochondrial metabolism


Glucose

Sulphonylurea

Pearson ER et al. Lancet 2003;362:1275-1281.
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This cartoon of a beta cell. Glucose enters the B cell via GLUT2 glycolytic pathway (metabolized to pyruvate, which then enters the mitochondrial citric acid cycle. ATP closes the Katp channel producing a rise in the membrane potential of the B cell. Voltage gated Ca channels open and Ca enters the cell, which triggers insulin release. HNF1a mutations cause decreased transcription of GLUT2, L-type pyruvate kinase and certain mitochondrial enzymes. 

SUs bind to the SU receptor subunit of the Katp channel and cause channel closure allowing membrane potential of the B cell to rise and since glycolysis and mitochondrial ATP production are upstream of the SU receptor, these basically bypasses the predominant sites of action of HNF1A.


Pathophysiology of HNF1A-MODY
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To explore the pathophysiology of HNF1A MODY, qualitative/quantitative assessments of B-cell function have been performed

B-Cell function and insulin sensitivity were determined using homeostasis model assessment (HOMA) of fasting glucose and insulin levels. 

Bcell function is reduced in HNF1A (42% controls, P < 0.0001) group. The insulin sensitivity was significantly increased in the HNF-1 group compared with control subjects (134.5% controls, P = 0.005). This difference in insulin sensitivity between the HNF-1 and control subjects remained significant after correction for BMI.


Clinical implications

e Observational study

 Aim: Investigate clinical course of patients
transitioning from insulin-=>SU after
HNF1A diabetes is confirmed.

N =43 patients

e Success: HbAlc < 7.5% or improvement
of pre-transition HbAlc of >1%

Shepherd M, et al. Diabetic Medicine 2009;26:437-441.
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Presentation Notes
Shepherd and colleagues conducted an observational study to see how patients were doing post-insulin to SU transition

They started with 43 patients with HNF1A MODY. 

Transition was considered successful if A1c < 7.5% or if it improved by >1%.


43 patients with HNF1A diabetes
on insulin from diagnosis to
genetic test

8 patients remain on insulin 34 patients transferred to | | 1 patient transferred
Transfer not attempted sulphonylureas to metformin

24 patients remain on 10 patients back on insulin
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Finding HNF1A mutation does influence physicians’ treatment decision
Transferring from insulin to SUs is successful in a majority of patients

Shepherd M, et al. Diabetic Medicine 2009;26:437-441.
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Presentation Notes
After genetic diagnosis was made, 34 of 43 (79%) stopped insulin and attempted transition to SU. 24 of 34 (71%) of patients on SUs have remained off insulin for a median of 39 months. (Reaons for not transitioning: patient choice, anticipated pregnancy, prior to published trial data/SU sensitivity).

In the 10 who re-started insulin, there was a trend towards longer duration of diabetes since diagnosis (18 yrs vs 7 yrs, p = 0.066).

The majority of patients (71%) who transitioned to SUs were able to remain off insulin. Patients were well controlled on insulin and were able to transfer to SUs without deterioration in glycemic control.
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Norwegian family with MODY3 caused by a frameshift mutation. Suspected diabetic or impaired glucose tolerant family members.

Six affected subjects had hypoglycaemic symptoms after small doses of glibenclamide (side cross), 0.5 mg PO.

The mutation was identified in one allele in three affected members and was not found in three unaffected subjects. 
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These are figures from one of the first studies to demonstrate hyperexcitability of B cells to IV secretagogues in the early stages of HNF1A MODY

Glucose-tolerant lean male with HNF1A DM underwent an OGTT (not pictured), a tolbutamide IVGTT, and a glucagon test to examine for a possible early B-cell abnormality. He had a twofold increase in pancreatic Bcell response after IV glucose, a 2.5 after IV tolbutamide and a 4-fold increase in Bcell response after an IV glucagon loads.

Filled circles depict matched glucose tolerant control subjects (n = 4). Filled triangles represent the HNF1A patient.




Metformin vs SU in HNF1A-MODY

 Randomized crossover trial (1 week
washout)

« N = 36 patients
 Primary outcome = response of fasting
plasma glucose

e Secondary outcomes = fructosamine,
episodes of hypoglycemia
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Presentation Notes
Hattersley’s group conducted a rand crossover trial with 1 wk washout period to see if HNF1A patients respond differently than T2DM to metformin and SUs.

These groups were matched for body-mass index and fasting plasma glucose 1 week after stopping treatment. Prior treatment oral agents. 

Primary outcomes were response of fasting plasma glucose and they secondarily analyzed fructosamine and episodes of hypoglycemia

In HNF-1 diabetes the fructosamine was 136 mol/L lower on gliclazide than on metformin (p<0·0001).


Metformin vs SU in HNF1A-MODY
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The changes in fasting plasma glucose to gliclazide and metformin in HNF-1 and type 2 diabetes are shown. In patients with HNF-1 diabetes the response to gliclazide was 5·2-fold greater than the response to metformin (p=0·0007). In contrast, in type 2 diabetes there was no difference in the response to gliclazide and metformin (p=0·45). <click>


Metformin vs SU in HNF1A-MODY
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Presentation Notes
The fall in fasting plasma glucose in response to gliclazide was 3·9-fold larger in patients with HNF-1 diabetes than in those with type 2 diabetes (p=0·002).

The response to metformin in HNF-1 and type 2 diabetes was similar (p=0·45).


SuU (Nateglinide) vs SU Glibenclamide
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Low dose of nateglinide prevents acute postprandial rise in glucose more efficiently
and causes less hypoglycemia than glibenclamide

Tuomi T et al. Diab Care 2006;29:189-194.
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Presentation Notes
Since patients with HNF1A can be exquisitely sensitive to SUs, one challenge during transition can be hypoglycemia (as seen in the patient from our case). 

A randomized double blind crossover study pub in Db Care in 2006 compared nateglinide, glibenclamide and placebo in 15 pts w/HNF1A-MODY. After an overnight fast on 3 separate occasions (a week apart) they received each the specific treatment and a test meal followed by light exercise. 

Peak glucose/incremental glucose AUC were significantly lower at nateglinide visit compared with glibenclamide or placebo.

Improved prandial glucose control with nateglinide compared with glibenclamide was achieved with lower peak insulin concentration. 3 patients interrupted the test during the glibenclamide visit due to symptomatic hypoglycemia. 

The findings of this study are attributed to the fact that glibenclamide binds to two sites of the SU receptor causing a high-affinity block whereas nateglinide reversibly binds to the SU receptor. For insulin sensitive patients with a tendency for hypoglycemia, consider rapid onset/short duration of action SU


Incretin-based therapy in MODY

* Not well-defined... yet
* In the last 3 years, isolated case reports

 |deal treatment would directly address the
orimary defect of declining beta cell
function

 GLP-1 RA/DPP-4 inhibitors have a number
of protective effects on beta cells including
a reduction in apoptosis and beta cell
preservation




Take Home Points

Criteria for considering genetic testing

Mechanism for the increased glycemic
response to SUs seen in HNF1A-MODY
— Increased insulin secretory responses to SUs
— Increased insulin sensitivity

Rapid onset, short-acting SUs (glinides)
are good alternatives to long-acting SUs

Incretin-based therapy needs to explored
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2013 Monogenic Diabetes Forum
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Chicago, IL

We are excited to announce our second conference
for families & individuals with monogenic diabetes.

Please join us for this interactive & educational opportunity to connect with
others whose lives have been affected by genetic forms of diabetes.
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